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Abstract 
Limb length discrepancy portends major challenge to a person’s function and the treating surgeon.. A 44 year old 
male patient presented with 15.5cm shortening of the femur from, infected non-union of the femur following 
injury sustained from road traffic collision 10 years earlier. He had multiple failed operative fracture fixation 
complicated by post operative infection causing significant morbidity and loss of job from prolonged 
immobilisation. The infected non-union and the limb length discrepancy were successfully treated by infection 
control and limb lengthening by bifocal callotaxis using the Ilizarov method in a hybrid fashion over a period of 
105 days. The patient regained weight bearing on the affected limb after 7 months. 
Key Words: Severe Limb Length Discrepancy, Infected Non-Union, Bifocal Callotaxis, Hybrid Fixation, 
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BACKGROUND 
Limb length discrepancy (LLD) is when there is a difference between the lengths of any particular limb on the 
different sides of the body in the same individual (1).Severe limb length discrepancy portends significant 
challenge to both the patient and the managing orthopaedic and trauma reconstruction surgeon (2). 
The causes of LLD could generally be classified as congenital or acquired. The acquired cause includes recent or 
previous trauma,, bone infections and dysplasia (3,4). The effects of LLD in each particular patient vary 
depending on the extent of the discrepancy. These effects may include limping, more energy and exertion on 
walking, pain on walking, the need for use walking aids for ambulation and psycho-social challenges (5, 6). 
Depending on the severity of the morbidity from the LLD, there may be the need for change in jobs, habits, 
accommodation, social recreation and activities of daily living for the affected persons.  
Morbidity from LLD is worsened if the deformity resulted from infected non union (7 8). The issue of infection 
in the presence of non-union is like that of the “chicken and egg situation” as one often leads to the other and 
there is the need to treat one to be able to control the other (8). Infected non union has been classified by various 
authors based on the extent of the infection, the deformity and associated morbidity (9, 10 
Surgical treatment is not usually recommended especially when the difference is less than 4 cm (4, 11). Shoe 
lifts or orthoses are usually recommended in cases where LLD is less than 4 cm, Orthoses have been shown to 
improve limb function on walking and running (4, 11). In addition, shoe lifts are cheap and are easily replaced 
when they become defective.  Surgery is the recommended for correcting significant LLD above 4cm (8).The 
surgical options of treatment especially when the LLD is extensive may include, use of vascularized free bone 
transfer, lengthening and or shortening of the limb to achieve equalization of length of both sides and amputation 
(4, 11,12).When LLD resulted from infected non-union, the goals of treatment include the eradication of 
infection, achievement of bony union and correction of soft tissue, bony and joint deformities (12,13).  
The process of limb lengthening using callotaxis method as proposed by Ilizarov requires that the distraction and 
transport be done at a very slow rate usually 1mm per day to the desired length followed by a    period of time 
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required for the maturation and consolidation of the regenerate (13). In cases when the LLD is extensive, the 
duration required to lengthen the bone to achieve equilibration using Ilizarov approach can be quite prolonged. 
This prolonged treatment time often results in patients’ dissatisfaction, loss of compliance, and other bony and 
soft tissue complications such as recurrent infections of the pin tracts used in the lengthening process (13). 
Lengthening at 2 distinct levels after corticotomy (bifocal lengthening) has been tried by surgeons in an attempt 
to reduce the duration for lengthening in cases of extensive LLD (14). Bifocal lengthening, although not 
commonly done provides shortened lengthening time, immobilization and hospitalization during the correction 
of extensive LLD (14, 15).   
Amputation has been recommended especially when the LLD is very extensive such as 25cm and above and the 
resources for complex limb reconstruction not available (15).In Nigeria, amputation is often not readily accepted 
as option of treatment (16) and the surgery for limb equalization is often not very available due to limited 
resources and expertise often required for such complex procedures (16).This report describes a case of 
significant LLD of 15 cm resulting from multiple failed treatment of fracture of the femur which was 
successfully treated by bi-focal distraction osteogenesis with the Ilizarov system used in a hybrid fashion.. 
CASE REPORT 
This is a case of a 44 year old male patient who presented with 15.5cm shortening of the femur resulting from, 
infected non-united fracture of the right femur from a road traffic collision 10 years earlier.  Following the initial 
injury the patient had two unsuccessful open reduction and internal fixations (ORIF). The second ORIF was 
complicated by persistent post-operative infection, hardware failure and segmental loss of the femur culminating 
to severe LLD. The resultant deformity significantly limited the patient’s function including the activities of 
daily function leading to loss of job as a trained nurse. He had recurrent discharging sinuses from the affected 
bone with recurrent flares of osteomyelitis.  He was markedly distressed both physically, psychologically, 
socially and financially as he was the bread winner of an extended family responsible for more than 12 
dependants. 
The significant findings on clinical examination was in the musculo-skeletal system which revealed a LLD of 
about 15.5cm shorter than the left side and right foot was floating about 17cm above the ground. There were 
multiple actively discharging sinuses on lateral aspect of the right thigh through an old incision scar with an 
abnormal movement at the mid thigh. The right hip and the part of the limb below the right knees were 
essentially normal. His other systems were essentially normal. 
X ray radiography of the right femur showed old fracture of the mid shaft of the femur with failed plate and 
screws in place. The fracture showed non-union with features of chronic osteomyelitis. The Full blood count 
revealed haemoglobin of 90g/L, white blood cell count of 11 X109/L with Neutrophils of 72% and Lymphocytes 
of 21%. The Erythrocyte Sedimentation Rate (ESR) was 66mm per hour.  His blood electrolytes, random blood 
sugar and chest X-ray radiography were essentially all within normal limits. 
With the extent of the deformity andassociated prolonged morbidity, various options of treatment including 
amputation were discussed with the patients. He bluntly declined amputation but opted for limb salvage.  
Following an informed consent, the patient had the infected and failed implants removed, combined with 
sequestrectomy, excision of infected non-union, acute docking and compression of the bone ends at the fracture 
site.  The shortened limb was lengthened bycallotaxis using the Ilizarov method following corticotomy at two 
levels (i.e. distal right femur and proximal right tibia).  The fixation was achieved with Ilizarov’s ring –wire 
fixators for subsequent distraction osteogenesis at both metaphyses around  the right knee joint,  whereas 
compression at the fracture site in the mid shaft of right femur and stabilization of the right tibia distally was 
done using threaded bar and pins external fixator in a hybrid fashion.  
Distraction was commenced at the rate of 1mm per day at the distal femur and 0.75mm per day at the proximal 
tibia after 10 days following the corticotomy. The LLD was corrected over a period of 105 days and patient 
allowed proportionate weight bearing 7 months after bifocal corticotomies. He had up to 4 episodes of pin sites 
infection which was treated successfully with wound dressing and occasional antibiotics. The infected fracture 
non union was healed, infection successfully eradicated and the LLD corrected. 
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The management of long bone fractures with significant bone gap and limb length discrepancy could be daunting 
in trauma reconstruction surgery (1, 9). Earlier methods of limb lengthening such as that described by Wagner 
were associated with high incidence of complications such as infection, non-union, and failure of fixation (1-3). 
Soft tissue resistance was a major limiting factor for bone distraction and lengthening (17). Resistive tension 
during distraction osteogenesis (termed distraction-resisting forces) is generated by the differences created 
during adaptation of the newly formed bone and the already established soft tissues (5). Soft tissue resistance is 
currently blamed as the cause of complications such as joint stiffness, axial deviations of the lengthened limb etc. 
(6, 13). 
Ilizarov later introduced slow distraction osteogenesis following a gentle corticotomy to achieve bone 
lengthening and overcome soft tissue resistance with special basic equipment (6, 13). The circular fixator 
invented by Ilizorov for the treatment of limb deformities and shortening, revolutionized the limb lengthening 
treatment (18). Preservation of the periosteum, careful corticotomy to preserve the endosteal and marrow 
circulation, a stable fixation using tensioned wires, and  the period of rest observed before distraction allows for 
formation of fracture callus; (2,6,13,17). The complex and slow method of bone lengthening can be a salvage 
option in situations of significant LLD from non-union complicated by infection. 
 In this particular patient been reported, all hope was lost following ten years of immobilisation and two failed 
surgical interventions, prolonged wound care and multiple antibiotic usage. His LLD greater than15cm 
complicated by intractable infection seemingly appeared amenable to only amputation in the face of limited 
resources. However, the option limb salvage with the Ilizarov principles at bi-focal levels gave the patient hope 
and ultimately restored his physical, mental, social and psychological well being over a shorter period. The 
patient became better positioned financialy to fend for self and his extended family.  
The management of post traumatic shortening and infected non-union of long bones often present a major 
challenge (19),Unfortunately, complications of non-union include persistent infection, stiffness of the joint, 
deformity and disability are rife in most developing countries,  Conventionally treatment of non-union include 
debridement and covering of tissue defects with grafts or flaps (8),packing of defects with antibiotic beads till 
biologic membrane forms and beads replaced with bone graft (20),Papineau’s open cancellous grafting (21),bone 
transplantation, and transposition of adjacent bones such as tibialisation of  fibular in the cases involving the 
tibia (22).The Ilizarov method however simultaneously addresses most of the aforementioned problems and 
offers a better solution for complications of non-union (23).  
The use of this method of treatment eliminated the infection and achieved union of the fracture over a period of 3 
and half months giving a distraction rate of about 1.4mm per day.  The achievement of 15cm bone length using 
this method was very gratifying for the patient who had lost all hopes of functional recovery of the limb as it 
would have taken a minimum of 170 days to achieve the same result using the conventional method originally 
described by Ilizarov (13). In a similar study in India to evaluate outcomes of Ilizarov ring fixation in recalcitrant 
infected tibial non-unions, the average bone gap was 4cm in 59% of the patients who underwent external bone 
transport with 9 month fixation period and about 8.5 month average fixation period for patients that had internal 
bone transport (23).  
Adegbehingbe and colleagues used monotube fixator to achieve limb lengthening by distraction,  resulting in a 
10.1 ± 4.0cm mean bone length lengthening, with an average mean bone transport time of 105.6 ± 38.2 days, 
consequently leading to a 0.99 ± 0.14 mm/day(6).   
Bell used the conventional all wire transosseous technique of the Ilizarov method, which included fixation of the 
whole tibia and foot for bifocal lengthening. Although the outcome was excellent, the fixation was bulky and 
complex, making it uncomfortable for the patients (20 Noonan).  The use of bifocal distraction had been mainly 
described for treatment of mandibular defects (24) but literature is scarce its use in long bone defects.  
 
Deformity correction and lengthening has been enabled by the Ilizarov approach and the utilization of hybrid 
configuration which combined the ring and wire systems and the bar and pins fixators improved rigidity and 
comfort. The combination of the ring –wire fixators at the metaphysis near and across the knee joint and the bar- 
pin fixators at the shaft of both femur proximally and tibia distally in a hybrid fashion  provided  a less 
cumbersome and more comfortable construct for the patient without compromising stability of the fixation.  The 
Journal of Medicine, Physiology and Biophysics                                                                                                                              www.iiste.org 




conventional Ilizarov system has been considered bulky and uncomfortable for most patients (25). Its use in this 
case would have very uncomfortable for both the surgeon and the patient. The single bar and two parallel pins 
per segment fixation advocated by Wagner (1) and now popularised by the linear rail technique (26) has limited 
ability to control angular deformities especially valgus and varus during lengthening especially around the joints 
as in this case.  Attempt to obviate these complications led to the revision to a two-crossed pin per segment 
fixation (27). 
 
Good outcomes in lengthening has been reported in the use of the currently modified system compared to results 
from the conventional Ilizarov method (28).Multiple wire and pin tract infections and scars are still 
complications of the method. However, gains of the treatment for the patient superseded this cosmetic effect. 
 
An observed drawback with this described method of care was the immobilization of the right knee joints over 
the period of bone lengthening and consolidation of the regenerate. This however, did not pose significant 
problems as the knee range of motion recovered some few months later after the treatment. More so, the knee is 
usually immobilized in cast for about the same length of time when fractures of the tibia are treated by cast 
immobilization. Another anticipated challenge was the issue of rapid stretching of the soft tissues during the 
period of lengthening using this method. This issue was also not a major problem in this case since the patient 
was already a fully grown adult. His soft tissues and supporting tissues around the shortened bone had been 
present in their full lengths prior to the index injury but only contracted over the years as result in the loss in the 
length of the femur. The gradual distraction of the bones only assisted in re-establishing lengths of the contracted 
surrounding soft tissues and the supporting neuro-vascular structures. Whether this will be the same in cases of 
congenital shortening of the long bones may need to be ascertained using better designed clinical studies. 
CONCLUSION 
Bifocal limb lengthening is a viable option in the treatment of severe LLD in patients who would not accept 
amputation and when other options of treatment are not possible. It shortens the length of hospitalisation and 
reduces complications associated with prolonged external fixation thus reduces the comparative cost of treatment 
for the patients. The adoption combined Ilizarov ring fixation especially around the joints and the conventional 
bar and pin fixation at the shaft of the long bones is effective, makes the construct less cumbersome and less 
bulky for both the patient and the treating surgeon without compromising stability of the fixation. This helped in 
making the procedure more acceptable to the patient. However,   for optimal results the treatment needs to be 
individualized for each particular patient with consideration of other biological and socio-economic factors 
around the individual patients.  
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              Figure 2. 14 Day Post distraction 
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Figure 3. Hybrid fixation photograph (Lat. View). 
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Figure 5. Post treatment radiographs showing Tibia and femur 
 
 
Figure 6. Post treatment photograph (Lat. and AP Views). 
 
    
 
 
 
